INTRODUCTION
There is a strong positive association between cigarette smoking and alcohol use. In human laboratory studies, acute alcohol consumption (compared with placebo) has been shown to increase cigarette smoking behavior. [1] [2] [3] [4] [5] [6] [7] Alcohol has also been shown to increase smoking urge in the context of cues or cigarette smoking 6, [8] [9] [10] as well as in the absence of smoking cues or cigarette availability. 11, 12 Alcohol-related increases in smoking urge have been found to be partially mediated by the positive stimulating effects that are prominent just after alcohol consumption, 11 as alcohol may enhance the rewarding effects of nicotine. 13 Tobacco and alcohol consumption may carry serious health risks for women. 14, 15 However, whereas some lab studies have included mixed subject samples of men and women, 8, 10, 12 very few have examined potential sex differences in alcoholrelated smoking urges and behaviors. Only one study has specifically examined alcohol-induced smoking behaviors in women, and no studies to date have examined women's alcohol-induced smoking urges under controlled conditions. Mello and colleagues 5 found that when female heavy smokers had access to both cigarettes and alcohol in a lab setting, they showed increases in smoking behavior. These results support alcohol-cigarette use interactions similar to that previously observed in men. 1, 2, 4, 6 However, laboratory studies have found inconsistent results regarding sex differences in nicotinealcohol interactions. In one study, the combination of nicotine via nasal spray and alcohol produced heightened subjective effects (both positive and negative) in women but not in men. 16 In another investigation examining the converse relationship (i.e. nicotine's effects on alcohol response), increasing doses of nicotine patch augmented the number of alcoholic drinks chosen in men but not in women. 17 Therefore, it is unclear if women are more or less sensitive to alcohol-smoking effects compared with men.
Perkins 18 has postulated that women's smoking may relate more to exteroceptive features (handling, social, context, emotional, and situational aspects), whereas men's smoking may relate more to direct CNS-mediated effects of nicotine. Evidence for this hypothesis derives from studies indicating that female smokers are less successful in discriminating nicotine via nasal spray 18 and less confident in their discrimination responses compared with male smokers. 19 Further, the positive rewarding effects of women's smoking response may vary based on instructional set (revealing the nicotine content of cigarettes), whereas such information has no effect on subjective smoking responses in men. 20 Although there is still debate, 21 in general, women show worse smoking cessation outcomes than men, especially with nicotine replacement or minimal intervention counseling. 22 Taken together, these laboratory and clinical findings indicate that there may be factors beyond the pharmacological effects of nicotine that play an important role in sustaining women's smoking behavior. It remains to be determined whether sex differences in smoking response may extend to alcohol's effects on smoking response in persons who habitually co-use these substances.
The majority of human laboratory studies on alcoholnicotine interactions have focused on smokers who are regular habitual users. Therefore, less is known about these interactions in nondependent smokers or "tobacco chippers," despite findings that alcohol is the most common environmental cue for smoking in tobacco chippers. 23 Tobacco chippers are persons who smoke on occasion or at low levels without developing physical dependence or other signs of addiction, such as withdrawal symptoms. [24] [25] [26] [27] Light, occasional smoking patterns are more prevalent among younger than older smokers and appear to occur equally in men and women. 28, 29 It is unclear whether alcohol's potentiation of smoking in chippers is the result of a paired behavior (i.e. due to situational and social cues 30 ) or a direct neurobiological mechanism, or both. The goals of this study were to compare men and women non-alcohol-dependent tobacco chippers on daily alcohol and smoking patterns, alcohol's effects on smoking urges in the laboratory, and the relationship between these variables. Given the greater preponderance of binge drinking in young men than women, 31 male heavy social drinkers may be more frequently exposed to the pairing of alcohol and nicotine. Therefore, it was hypothesized that men, compared with women, would report more frequent excessive drinking and concomitant drinkingsmoking episodes and would have a stronger relationship between alcohol-related smoking behavior and urges.
METHODS

Participants
The sample included 39 heavy social drinkers with concomitant light, non-dependent smoking patterns. These participants were enrolled in the larger Chicago Social Drinking Project, which examined subjective, objective, and physiological responses to alcohol in a range of social drinkers. The majority of participants have been described in recent papers from this project. 11, 32, 33 Study candidates were recruited using the Internet, flyers, and word-of-mouth referrals, with the goal of enrolling an equal proportion of men and women for the purpose of examining sex differences. Inclusion criteria included age between 21-35, body mass index between 19-30, and no major current medical or psychiatric conditions. In addition, candidates must have met criteria for heavy social binge drinking consistent with our past studies 34 with weekly alcohol consumption of 10-45 alcohol drinks per week and regular weekly binge episodes (i.e. 5+ drinks/occasion for men; 4+ drinks/occasion for women) one to five times per week for at least the last two years. To meet criteria as a tobacco chipper, candidates must have smoked an average of 1 to 5 cigarettes at least two days per week for a minimum of one year. Up to 15 cigarettes were allowed during binge drinking occasions, consistent with our prior studies. 11, 12 After telephone screening, candidates underwent an inlaboratory screening, where they signed informed consent and underwent a physical examination, blood and urine tests, a diagnostic interview, and several psychosocial and health history questionnaires. Participants were excluded if they were taking any psychotropic medications, had a major medical or psychiatric condition (including past or current alcohol or substance dependence), or had a positive urine toxicology screen (morphine, cocaine, methamphetamine, barbiturates, or benzodiazepines). Persons with alcohol and/or nicotine dependence were excluded to avoid potential withdrawal during the sessions. Women were excluded if they were pregnant or breastfeeding.
PROCEDURE
Each participant arrived between 3 pm and 5 pm for their three laboratory sessions. Sessions were conducted in comfortable, living room-like testing rooms in the Clinical Addictions Research Laboratory. In random session order, the participant consumed a beverage containing either high dose alcohol (0.8 g/kg; 16% volume alcohol), low dose alcohol (0.4 g/kg; 8% volume alcohol), or placebo (1% volume ethanol as a taste mask). To reduce alcohol expectancies, 35 the participant was informed that the beverages might contain a stimulant, sedative, alcohol, placebo, or a combination of two substances. The drinks were prepared with Kool-Aid, water, Splenda R , and the appropriate dose of 190-proof ethanol based on body weight. Adjustments were made for women to receive an approximate 85 percent dose as compared with men due to potential differences in total body water affecting blood alcohol concentrations. 36, 37 Sessions were separated by at least 48 hours.
Each participant was asked to abstain from alcohol and recreational drugs 48 hours before each session, as well as caffeine, food, and cigarettes three hours before each session. Upon arrival, to assess compliance with these restrictions, participants were interviewed and provided objective verification via breath tests for carbon monoxide (Smokerlyzer R , Bedfont Scientific, Medford, New Jersey, USA) and breath alcohol content (BAC; Alco-Sensor III, Intoximeter, St. Louis, Missouri, USA), as well as a random urine toxicology screen. This was followed by consumption of a low-fat snack (20% daily calories) to help reduce the potential for alcohol-induced nausea and avoid hunger effects on mood state. Thirty minutes post-arrival, the participant completed baseline questionnaires, and then was instructed to consume the allocated beverage over a 15-minute interval in the presence of the research assistant. The beverages were served in plastic cups with a lid and straw in order to help conceal the scent and identification of the alcohol content. At set intervals after the completion of the drink (15, 45, 105 , and 165 minutes), the participant completed study measures and breathalyzer readings. The second and third sessions were identical to the first session with the exception of beverage alcohol content. At the end of each session, a questionnaire was administered to ask the participant if s/he believed the beverage contained alcohol, a stimulant, a sedative, or a placebo. This was followed by transportation to home provided by a livery service. At the end of the study, each participant was debriefed and compensated $200. The study was fully approved by the University of Chicago Institutional Review Board.
MEASURES
Participants' daily pattern of alcohol and smoking behavior was assessed at screening using a Timeline Follow-Back interview (TLFB 38, 39 ). The TLFB is a reliable and valid calendar interview method of obtaining daily estimates of alcohol and smoking patterns over the previous 28-day period. The dependent measures from TLFB included the daily number of reported cigarettes and alcoholic drinks consumed (one drink = 12 oz. beer, 5 oz. wine, or 1.5 oz. liquor). For statistical analyses, to control for sex differences in body water that may impact BAC, each subject's daily number of drinks was divided by their estimated body water, based on the formula by Watson, Watson, and Batt. 40 Because these behaviors were anticipated to fluctuate from weekdays to weekends, only data from the four full weeks (Monday to Sunday) prior to screening were used for analyses. Change scores were also computed to determine alcohol-related cigarette use patterns by subtracting the average number of cigarettes smoked on all non-drinking days from the average number of cigarettes smoked on all heavy drinking days (5+ drinks/day; 4+ for women).
Smoking urges in the laboratory sessions were assessed by the Brief Questionnaire of Smoking Urges (BQSU), a reliable and valid measure of urge to smoke and especially suited for short-term laboratory assessment. 41 The BQSU consists of 10 smoking-urge related statements scored on a Likert scale from 1 (strongly disagree) to 7 (strongly agree), with higher scores indicating stronger smoking urges. The BQSU includes two sub factors. Factor 1, which measures urge to smoke for pleasure and stimulation, was the primary outcome measure, and Factor 2, which measures urge to smoke to relieve negative affect and withdrawal, was the secondary measure. This was based on our prior research showing marked increases in Factor 1 scores in chippers after alcohol drinking but only modest increases in Factor 2.
12 Change scores were computed by subtracting the baseline value from each time point. A summary measure of alcohol's increase in smoking urge was also computed: the change score at 45 minutes in the placebo session was subtracted from the change score at 45 minutes in the high alcohol dose session.
BACs during the experimental procedure were measured by the Alco-Sensor IV breathalyzer (Intoximeter, St. Louis, Missouri, USA). The device's monitor was blinded to read 0.000 throughout the session, with actual values downloaded later.
Statistical Analyses for Primary Measures
Men and women were compared on background characteristics via t-tests and chi-square tests, where appropriate, and on BACs via a repeated measures analysis of variance (ANOVA). The TLFB data was analyzed for cigarette consumption by a two-way ANOVA with sex as the between-subjects factor and drinking day type (no, light, or heavy drinking) as the within-subjects factor. The TLFB data was further examined with a mixed linear model, with daily cigarette use as the outcome, and daily alcohol use, sex, week number, day of the week, and related interactions as the independent variables. As this initial analysis showed no difference in alcohol and smoking patterns by week (i.e. no main effect of week and no interactions with other variables), the mixed linear model was simplified, combining the days in the week to create average consumption scores for each day. A first-order autoregressive correlation structure was used to account for correlations among these measures over time. Smoking urges after alcohol consumption in the laboratory were analyzed by a three-way repeated measures analysis of variance (ANOVA) with sex as the between-subjects variable and dose and time as the within subjects variables. The p values of repeated factors (dose and time) were adjusted by the Greenhouse-Geisser method. A moderation analysis 42 examined the role of sex in the relationship between alcohol-associated smoking behaviors from the TLFB and alcohol-induced smoking urge in the lab (using the summary change scores for both measures). A robust standard error estimation method was used in the moderation analysis to relax the homogeneity of variance assumption in linear regression.
RESULTS
Participant Characteristics
Forty-one subjects were initially enrolled. However, two subjects failed to complete all sessions due to positive random urine drug test results prior to a laboratory session (i.e. a protocol violation). Therefore, the final sample size was made up of 17 women and 22 men. The sexes were similar on general characteristics (except for weight and body water), as well as on their background smoking and drinking histories (see Table 1 ). Table 2 depicts the average number of cigarettes consumed by drinking day type. Cigarette smoking was significantly greater on binge drinking days compared with both light-and non-alcohol drinking days [F(2,74) = 45.77, p < 0.0001; Tukey's HSD: binge > light = non drinking day]. Confirming that drinking behaviors varied by these drinking day types, the average number of drinks consumed on light drinking days was 2.4 ± 0.2 and for binge drinking days 7.0 ± 0.3. Taking into account body water differences, men and women were similar on these patterns. In terms of use patterns over time from the TLFB, daily fluctuations in alcohol drinking were significantly correlated with daily fluctuations in cigarette smoking [F(1, 208) = 103.9, p < 0.001; see and drinking behaviors did not differ between the sexes (main effect of sex, p = 0.13, sex × drinking, p = 0.45, sex × drinking × day, p = .37; see Figure 1 ).
TLFB
Blood Alcohol Concentrations
After alcohol consumption, as expected, BAC levels increased sharply during the first 45 minutes to peak, and then slowly decreased over time during the alcohol elimination phase [dose × time: F(4, 337) = 6.21, p = 0.001). Men and women did not differ on BAC levels at either dose or across time (ps > 0.38). Across post-drinking time points (i.e. 15, 45, 105, and 165 minutes after beverage completion), average BACs during the low dose session were 0.040, 0.036, 0.019, and 0.004, and during the high dose session were 0.083, 0.092, 0.074, and 0.057, respectively. There was a dose-dependent relationship in terms of beverage content estimates: at the end of the placebo beverage session, 5% of subjects believed they received alcohol and 31% believed they received either a sedative or stimulant; at low dose alcohol, 46% believed 
Note. Data are mean (±SEM).
Smoking behavior: No alcohol drinking day = days in which no alcohol consumption reported; light drinking day = days in which 1-4 drinks reported for men, 1-3 for women; binge drinking day = days in which five or more drinks reported for men, four or more for women.
Smoking urge: Baseline = average value for all three laboratory baseline sessions; BQSU scores depicted are for Factor 1 only for ease of presentation. +15, +45, +105, +165 min. = time since completion of the respective beverage.
they received alcohol and 15% believed they received either a sedative or stimulant; and at high dose alcohol, 82% believed they received alcohol and 18% believed they received either a sedative or stimulant. Men and women did not differ in their estimations of beverage content.
Brief Questionnaire of Smoking Urges
Alcohol dose-dependently increased BQSU Factor 1 scores, and these increases in smoking urges were most pronounced during the first 45 min after alcohol consumption of the BAC [dose × time: F(6,407) = 2.39, p < 0.05; see Table 2 ]. Men and women did not differ on baseline BQSU Factor 1 scores [t(37) = 0.98, p ≥ .06]. The main effect of sex and interactions of both sex × dose and sex × dose × time were all non significant, indicating that the sexes did not differ on reported smoking urges in the laboratory after alcohol consumption. Separate analyses for BQSU Factor 2 also showed a similar pattern of alcohol-induced increases in smoking urge, with no sex differences across dose or time. 
Relationship between Alcohol-Induced Smoking Behaviors and Urges
A moderation analysis with robust standard error estimation indicated that the relationship between alcohol-associated smoking behavior from the TLFB and alcohol-induced smoking urges from the laboratory differed between sexes [sex × smoking response: beta(se) = 1.66(0.51), p = 0.002, see Figure 2 ]. For men, there was a positive relationship between alcohol-associated smoking behavior and alcohol's increases in smoking urge (BQSU Factor 1), whereas there was no association between these measures in women. A secondary analysis examining BQSU Factor 2 showed a similar moderation effect of sex [sex × smoking response: beta(se) = 1.19(0.42), p = 0.008], with a positive alcohol-related smoking behavior and urge relationship in men but not in women.
DISCUSSION
The results of the current study indicate that men and women nondependent drinker-smokers reported similar weekly fluctuations in alcohol drinking and cigarette smoking. The lowest frequency for both sexes occurred on Mondays, Tuesdays, and Wednesdays, and the highest frequency occurred on Fridays and Saturdays, with Thursdays intermediate for alcohol drinking. Further, in the laboratory portion of the study, alcohol consumption increased smoking urges similarly in men and women. Smoking urge increases after drinking were especially pronounced for both sexes during the rising limb of the BAC. Interestingly, when alcohol-related smoking behaviors in the natural setting were linked to alcohol-induced smoking urges in the laboratory, a positive relationship was found only in men, and not in women.
Despite decades of lower smoking prevalence in women compared with men, statistics show that over the last twenty years this difference between the sexes may be closing, particularly in young samples. 43 Similarly, whereas binge drinking rates in men have remained relatively constant over the past few decades, rates in women have been increasing, although they still remain at a lower rate than men (i.e., 49% in men versus 41% in women). 31 Contrary to our prediction that men would show more frequent pairings of heavy drinking and smoking, these patterns were similar between the sexes. This may be due to several factors, including recruiting a homogenous sample of nondependent heavy alcohol drinking tobacco chippers, as well as controlling for body water differences between the sexes, which may affect blood alcohol concentrations (i.e. at the same dose of alcohol, women have greater blood alcohol concentrations than men). While general population statistics show that men binge drink more than women and are at higher risk for the development of alcohol dependence, in the current sample of social drinkersmokers, use patterns for these substances were markedly similar throughout the week for both men and women. Studies examining future patterns of alcohol and cigarette behaviors over time in identified early nondependent users may further elucidate the effect of sex on cessation, continued habitual use, or exacerbations and development of dependence on one or both substances.
Further, in the well-controlled laboratory environment where many exteroceptive factors are ostensibly minimized (social setting, affective cues, etc.), men and women exhibited similar alcohol-induced increases in smoking urge. This result indicates that for both sexes, there may be robust pharmacological effects of alcohol that increase smoking urge, potentially due to alcohol interacting with brain nicotinic receptors, 44 and ultimate activation of brain reward pathways and dopamine release. 45 Because the lab environment did not allow for cigarette smoking, it is unclear whether the reported increases in smoking urge would have resulted in differential smoking behaviors between the sexes; such studies are currently underway in our laboratory. 46 Supporting our hypothesis, in men compared with women, there was a stronger link between alcohol-smoking behavior from TLFB and alcohol-induced smoking urges in the laboratory. This finding supports and extends prior research showing that men (versus women) may smoke primarily due to the direct effects of nicotine, 47 show better smoking cessation outcomes with nicotine replacement, [48] [49] [50] [51] [52] and increase their alcohol choice behavior after nicotine administration. 17 We may speculate that, in women, alcohol potentiation of cigarette smoking may be due to the combined influence of direct nicotine effects and associated features of smoking (smoking cues, environment, emotions, appearance, etc.). Although a direct test of such hypotheses is beyond the scope of this pilot study, future research is warranted to further clarify women's and men's co-occurring alcohol and smoking behaviors.
While there were several strengths in the current study, including an a priori design of examining sex differences and employing well-controlled measures, there are a few caveats worth mentioning. First, the study examined only nonnicotine dependent smokers, and it remains to be determined whether the sex differences observed in this study extend to heavier smokers. It is possible that nicotine-dependent women may exhibit different alcohol-smoking interactions than less-smoking women. Second, the study examined smoking behavior and urges using two different modalities: the TLFB, through which the reciprocal relationship between alcohol and cigarette consumption cannot be observed in realtime, and the BQSU, which was obtained during a laboratory assessment. Whereas incorporating measurement of both smoking behaviors and urges within the same modality would be highly desirable, it would also be complicated by the fact that acute cigarette smoking decreases smoking urge, 53 which would confound assessment in the naturalistic setting. Third, in terms of methodology, while an advantage of the laboratory setting is the minimization of potential extraneous cues, one disadvantage is that the data may not generalize to a naturalistic drinking-smoking episode that likely consists of alcohol consumption over a longer duration with likely fluctuations in smoking urges and cigarette use, partially dependent on availability, monetary issues, and social setting factors
In sum, the results show that nondependent drinker-smoker men and women report similar fluctuations in drinking and smoking and exhibit similar alcohol-induced increases in smoking urge (in the absence of smoking). For men, alcohol's potentiation of cigarette smoking may be more directly related to increases in smoking urges, but for women, more complex factors may be involved. Future studies are underway in our group to examine the sexes on the effects of alcohol versus placebo on smoking behaviors for nicotine versus non-nicotine factors to further elucidate aspects underlying concomitant use of these substances in young persons.
